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We claim: 

1 . A dispersing Fourier Transform interferometer, comprising: 

a Fourier Transform Spectrometer having an input for receiving a source 
light and an output; and 



Spectrometer output and an output for providing the resulting multiple narrowband 
interferogram outputs of different wavelengths representative of the source light input. 

2. An interferometer as in claim 1, further comprising a metrology system for 
1 5 determining optical path lengths internal to the interferometer. 

3. An interferometer as in claim 1, further comprising: 

a sensor including a plurality of light intensity sensing elements each 
separately responsive to said different wavelengths for producing a set of data of 
20 interferogram intensities I d measured at a set of discrete lags Xj; and 



output having a best fit with the set of data. 

4. An interferometer as in claim 3, further comprising a metrology system for 
25 determining optical path lengths internal to the interferometer. 

5. An interferometer as in claim 3, wherein the processor includes a sparse 
sampling algorithm for determining the best fit between a set of model interferograms and 
said set of data interferograms. 



10 



a dispersive element having an input coupled to the Fourier Transform 



a processor for receiving and processing the data to produce a spectral 



30 



6. An interferometer as in claim 5, wherein the sparse sampling algorithm 



comprises: 



processing the set of data interferograms, Id(xj), where: 
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5 and where s is the wavenumber, equal to the inverse of the wavelength, J t (s) is the true 
spectral intensity at wavenumber s, and the subscript t indicates that J t (s) is the truth 
spectrum and is an unknown, and the wavenumbers s m i n (n) and s max (n) span the range of 
wavenumbers detected by the n th member of said set of light intensity sensing elements; 
choosing a model spectrum, J m (Sj), from which is inferred a model 
10 interferogram specified at a discrete set of lags Xj, I m (xi); and 

determining a difference between said model interferogram and said data 
interferogram and applying an optimization method to determine a model interferogram 
best matched to the data interferogram Id(xj). 

15 7. An interferometer as in claim 6, wherein the optimization method 

comprises: 

establishing a model interferogram given by: 



20 where: 



j=l J »i 



ds [J m {Sj) + (S — 8j)Aj] COS (27TXiS), 



J m (Sj + i) - J m {8j) 
s j+l — s j 



and e is the location of a central fringe in the model interferogram. The above expression 
reduces to: 

M-l 
3=1 



25 where: 



sin (2irXjSj+i) — sin (2nxjSj) 



and 



_ \ (s j+ i - sj) sin (27TXiS j+1 ) ] \ 
*** ~ [ 2^i J + L 



cos (27rSiSj+i) - cos (2nXiSj) 



{2-KXiY 

30 setting a variance of the residuals between the model interferogram and the data 
interferogram according to the equation: 
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and 



obtaining a model interferogram best matched to the data interferogram according 
to the equations: 



10 



15 



\dJ m ($j)J \S2-8iJ 

raiM = + _ for 2 < j < M — 1, 

\dJniSj) J \Sj- Sj-i J \S j+1 - Sj J 

\OJ m {Sj)J \SAf - 3M-1 / 

8. An interferometer as in claim 6, wherein the optimization method comprises: 
establishing a model interferogram given by: 



where: 



M-l 

*)=£/ 



ds [e/ m (sj) + (s — SjOAj] cos (27ra?is), 



s j+l ~ s j 

20 and e is the location of a central fringe in the model interferogram. The above expression 
reduces to: 

M-l 



3=1 



where: 
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sin (2-KXjSj+i ) - sin (2wXjSj) 



and 



- Sj) sin (2irxj8j+i) 
2nXi 



+ 



cos (2irXj8j+i) - cos (2nXiSj)' 

{2-KXi) 2 . 



setting a variance of the residuals between the model interferogram and the data 
10 interferogram according to the equation: 

71 



and 



obtaining a model interferogram best matched to the data interferogram according 
to the equations: 



15 



dx 



dJm(sj) n \dJ m (s 3 



2 ( K 



0e 



)- 



and 



dl m (xi-e) 1 



M-l 



20 where: 



, x /x sin(ziS 7+ i) sin(^i3,) 
A itj = Sj+i COS{Zi$j + i) + Sj COSfoSj) + — - — J - L - L i — J —, 



and 



Bij = SjSj+i COs(ZiSj+i )+(2gj+i -Sj) S ^ Zt8 3+ 1 ) ^ m ( z % s j) 



25 
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5 J " Z i Z i 

where z{=2Tt(xj-z). 

9. An interferometer as in claim 3, wherein the source light is an astronomical 
emission. 

10 

10. An interferometer as in claim 3, wherein the source light is emitted from a 
material upon induction of the material into an excited state. 

1 1 . An interferometer as in claim 3, wherein the material is an unknown 

1 5 compound subjected to testing to determine the presence of possible biologically or 
chemically hazardous properties. 

12. As interferometer as in claim 1, wherein the Fourier Transform Spectrometer 
comprises: 

20 optics for receiving and collimating a source light along a first optical path; 

a beamsplitter positioned for splitting the collimated source light into a 
second light beam along a second optical path differing from said first optical path; 

a first reflector positioned along said first optical path for reflecting light 
transmitted through said beamsplitter back toward a beamsplitter; 
25 a second reflector positioned along said second optical path for reflecting 

said second light beam back toward a beamsplitter; 

and wherein the interferometer further comprises: 

a sensor including a plurality of light intensity sensing elements each 
separately responsive to said different wavelengths for producing a set of data of 
30 interferogram intensities 1^ measured at a set of discrete lags xj; and 

a processor for receiving and processing the data to produce a spectral 
output having a best fit with the set of data. 

13. An interferometer as in claim 12, wherein the processor includes a sparse 

35 sampling algorithm for determining the best fit between a set of model interferograms and 
said set of data interferograms. 
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14. An interferometer as in claim 13, wherein the sparse sampling algorithm 



comprises: 



processing the set of data interferograms, Id(xj), where: 




ds J t (s) cos(2irXis) y 



10 



and where s is the wavenumber, equal to the inverse of the wavelength, 



J t (s) is the true spectral intensity at wavenumber s, and the subscript / indicates that J t (s) is 
the truth spectrum and is an unknown, and the wavenumbers s m j n (n) and s max (n) span the 
range of wavenumbers detected by the n* member of said set of light intensity sensing 
1 5 elements; 

creating a continuous function J m (s) that is equal to J m (sj) at each value Sj, 
from which is inferred the model interferogram specified at a discrete set of lags Xj, I m (xj); 
and 

determining the difference between said model interferogram and said data 
20 interferogram and applying an optimization method to determine a model interferogram 
best matched to the data interferogram Id(xj). 



and s is the location of a central fringe in the model interferogram. The above expression 



15. An interferometer as in claim 14, wherein the optimization method comprises: 
establishing a model interferogram given by: 



25 




where: 




30 reduces to: 



Af-1 
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5 where: 



sin (2irXi8j+i) — sin (2nXiSj) 



and 

hi 



{s j+1 - sj) sin {2irXjS j+1 ) 

2-KXi 



+ 



cos (2irXiSj+\ ) — cos (2-KXiSj) 



1 0 setting a variance of the residuals between the model interferogram and the data 

interferogram according to the equation: 

n 



and 



obtaining a model interferogram best matched to the data interferogram according 
15 to the equations: 

d x 2 



dJ m (s7) = I g [Im{Xi) ~ IdiXi)] (SS) = a 

= (JM=L_) + ^ _ for 2 < j < M - 1, 



and 



20 



fg^MW ^ for j — M. 

\OJ m {Sj)J \sm - sm-i ) 

16. An interferometer as in claim 14, wherein the optimization method comprises: 
establishing a model interferogram given by: 
M-l 



Im(*i) = £ / 



ds [J m (sj) + (s — SjJAj] cos (27rxjs), 



where: 
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A 3 = 



s 3+l - s j 

and e is the location of a central fringe in the model interferogram. The above expression 
reduces to: 

M-l 



where: 



10 



sin (27ra;i^+i) — sin (2irXiSj) 
2irxi 



and 



hi 



(sj+i - sj) sin {2nxjS j+1 ) 



+ 



cos (27ra;iSj4.i) - cos (2nXiSj) 
(27rxi) 2 



setting a variance of the residuals between the model interferogram and the data 
1 5 interferogram according to the equation: 

n 



x 2 = £EB»(*) - ^("tf 

1=1 



and 



obtaining a model interferogram best matched to the data interferogram according 
to the equations: 



dj m (s 



d(* 2 ) 2^ 



JJ-!gft.W-*W](^)-a 



20 



and 
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5 

and 



\dJ m {Sj) J \8j- Sj_! 7 \ S j+ i - 5,- y 



and: 



\OJ m {Sj)J \Sm - 8M -1 / 



10 where: 



a f ^ / x sin(^s i+ i) sin(^5i) 

j^j = -8 j+l CQ8(ZiSj +l ) + Sj CQS(ZiSj) + * J — 



and 



o , v 2cos(zi5 7+ i) 2 costal) 
i cos(^ i+1 )+ \l J+ 

1 5 where z/=2n(x r e). 

17. An interferometer as in claim 12, wherein the source light is an astronomical 
emission. 

20 18. An interferometer as in claim 12, wherein the source light is emitted from a 

material upon induction of the material into an excited state. 



19. An interferometer as in claim 12, wherein the material is an unknown 
compound subjected to testing to determine the presence of possible biologically or 
25 chemically hazardous properties. 



A dispersing Fourier Transform interferometer, comprising: 

optics for receiving and collimating a source light along a first optical path; 
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5 a beamsplitter positioned for splitting the collimated source light into a 

second light beam along a second optical path substantially orthogonal to said first optical 
path; 

a first reflector positioned along said first optical path for reflecting light 
transmitted through said beamsplitter back toward said beamsplitter; 
10 a second reflector positioned along said second optical path for reflecting 

said second light beam back toward said beamsplitter; 

a programmable drive-train coupled to at least one of said first and second 
reflectors for moving said coupled reflector along its associated optical path so as to 
introduce a variable path difference x between said first and second optical paths whereby 
15 said source light and said second light beam recombine at said beamsplitter and are 

recorded on a multielement detector at a variety of delays, comprising an interferogram; 

a metrology detector for determining the path length difference between the 
two reflectors; 

a dispersive element positioned along said second optical path for receiving 
20 a Fourier Transform Spectrometer output and for providing a resulting multiple 

narrowband interferogram outputs of different wavelengths representative of the source 
light input; 

a sensor including a plurality of light intensity sensing elements each 
separately responsive to said different wavelengths for producing a set of data of 
25 interferogram intensities 1^ measured at a set of discrete lags Xj; and 

a processor for receiving and processing the data to produce a spectral 
output having a best fit with the set of data. 



21 . An interferometer as in claim 20, wherein the processor includes a sparse 
30 sampling algorithm for determining the best fit between a model interferogram and the 
data interferogram. 



22. An interferometer as in claim 2 1 , 
wherein the sparse sampling algorithm comprises: 
35 processing the set of data interferograms, Id(xj), where: 



Id($i) = / ds J t ($) cos(2wXis) J 



9m in 
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and where s is the wavenumber, equal to the inverse of the wavelength, 
J t (s) is the true spectral intensity at wavenumber s, and the subscript / indicates that J t (s) is 
the truth spectrum and is an unknown, and the wavenumbers s m j n (n) and s max (n) span the 
1 0 range of wavenumbers detected by the n* member of said set of light intensity sensing 
elements; 

choosing a model spectrum, J m (Sj), from which is inferred a model 
interferogram specified at a discrete set of lags Xj, I m (Xj); and 

determining a difference between said model interferogram and said data 
1 5 interferogram and applying an optimization method to determine a model interferogram 
best matched to the data interferogram Id(xj). 



23. An interferometer as in claim 22, wherein the optimization method comprises: 
establishing a model interferogram given by: 



20 



*»(««) = £ / 

j=l J *i 



ds [J m (Sj) + (S — Sj)Aj] COS (27TXiS), 



where: 



8 3+l - s j 

and e is the location of a central fringe in the model interferogram. The above expression 
25 reduces to: 

M-l 



3=1 



where: 



sin (2irxj$j+i ) — sin (27TXjSj) 



2-KXi 



and 



hi = 



30 



- s j )sm(2'KXiSj + i) 
2irxi 



cos(2nXi8j + i) - cos(2irXi8j) 



(2TTXi) 



A2 
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5 setting a variance of the residuals between the model interferogram and the data 

interferogram according to the equation: 

n 



1=1 



and 



obtaining a model interferogram best matched to the data interferogram according 
10 to the equations: 



^( S -)=!g^)-^)i(feg)=°- 

\dJ m ($j)J V 5 2-5i/ 



for 2 < j < M - 1, 



and 



15 



\OJ m {Sj)J \8m-8M-iJ 

24. An interferometer as in claim 22, wherein the optimization method comprises: 
establishing a model interferogram given by: 

Xi)= 22 ds [J m (Sj) + (s - SjOAj] COS (2^5), 



Im{ 

where 



20 



s 3+l — s j 

and b is the location of a central fringe in the model interferogram. The above expression 
reduces to: 

M-l 



i=l 



where: 
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a i,3 = 



sjn(2irxi8j+i) — sin (2n$i8j) 



and 



- $j) sin (2itXi8j+\) 



cos^Tra^Sj+i) — cos(27ra;tSj) 
(2^)2 



setting a variance of the residuals between the model interferogram and the data 
10 interferogram according to the equation: 

n 



1 



and 



15 



obtaining a model interferogram best matched to the data interferogram according 
to the equations: 

!gl.i£ M .-*-«^(&S=a)-. 



and 



\dJm(Sj)J \S2-5l/ 

(|^|) = + - M"-) for 2 < i < M - 1, 

\dJ m {sj)J \Sj-Sj-xJ V*i+i-Sj/ 



20 and 



\OJ m {Sj)J \8 M - sm-iJ 



and: 



where: 
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A itj = -s j+ i cos(ziS j+ i) + sj cos(ziSj) + sm (^ s J+ 1 ) _ sin(z t Sj) ^ 

5 ** * 

and 



Bij = s J Sj + icos(z i 3 J+ i)+(2s J+ i-s i ) — ^ — :£:L - i -Si — 1 — — 

Z\ Z{ 
2 , . .2 COS(ZiS,- + i ) 2c08(ZiSj) 



1 0 where z z -=27i(jc r e) . 



25. An interferometer as in claim 22, wherein the source light is an 
astronomical emission. 

15 26. An interferometer as in claim 22, wherein the source light is emitted from a 

material upon induction of the material into an excited state. 

27. An interferometer as in claim 22, wherein the material is an unknown 
compound subjected to testing to determine the presence of possible biologically or 

20 chemically hazardous properties. 

28. A method of determining a spectrum of a light source, comprising: 

receiving and collimating a source light along a first optical path; 
transmitting a first part of the collimated source light further along said first 
25 optical path while reflecting a second part of the collimated source light along a second 
optical path; 

reflecting back said first part of said collimated source light along said first 

optical path; 

reflecting back said second part of said collimated source light along said 
30 second optical path; 

introducing a path length difference x between said first and second optical 

paths; 

recombining said back-reflected first and second parts of said collimated 
source light; 
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dispersing said recombined light into a plurality of different wavelengths; 



separately sensing an intensity I of each of said plurality of different 
wavelengths to thereby produce a set of data of interferogram intensities I<j measured at a 
set of discrete lags Xj; and 

processing the data so as to produce a spectral output having a best fit with the set 

10 of data. 

29. A method as in claim 28, wherein the data processing includes applying a 
sparse sampling algorithm for determining the best fit between a model interferogram and 
the data interferogram. 



and where s is the wavenumber, equal to the inverse of the wavelength, 
J t (s) is the true spectral intensity at wavenumber s, and the subscript t indicates that J t (s) is 
the truth spectrum and is an unknown, and the wavenumbers Smi n (n) and s ma x(n) span the 
25 range of wavenumbers detected by the n* member of said set of light intensity sensing 
elements; 

choosing a model spectrum, J m (sj), from which is inferred a model 
interferogram specified at a discrete set of lags x l9 I m (xO; and 

determining a difference between said model interferogram and said data 
30 interferogram and applying an optimization method to determine a model interferogram 
best matched to the data interferogram Id(xj). 



15 



30. A method as in claim 29, 

wherein the sparse sampling algorithm comprises: 

processing the set of data interferograms, Id(xj), where: 




20 



31. A method as in claim 30, wherein the optimization method comprises: 
establishing a model interferogram given by: 
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fa) ~ 22 + (S - COS (27TX»S), 



where: 



A 3 = 



5 J+1 _ 5 J 

and e is the location of a central fringe in the model interferogram. The above expression 
10 reduces to: 

M-l 



3=1 



where: 



a itj = 



sin (2wXjSj+i) — sin (2nXiSj) 



and 



hi = 



15 



Cfy+i - 8j)sm(27TXiSj +1 ) 

2KXi 



+ 



COS {2-KXiSj+i) - COS (2wXiSj) 

_____ 



setting a variance of the residuals between the model interferogram and the data 
interferogram according to the equation: 

n 



20 and 



obtaining a model interferogram best matched to the data interferogram according 
to the equations: 



^) = !g^)-^)](gg)=o. 

\dJ m (Sj)J \82-SiJ 
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(gyaA = (JM1_) + aiJ _ for 2 < j < Af — 1, 

\dJ m (sj)j \Sj-Sj-!; ysj^-Sjj 



and 



10 



\OJ m {Sj)J \sm - SM-lJ 

32. A method as in claim 30, wherein the optimization method comprises: 
establishing a model interferogram given by: 
M-l 

/ m (a?i) = z2 I ds [Jm(sj) + (s - SjOAj] cos pra**), 



j=l 



where: 



15 



and s is the location of a central fringe in the model interferogram. The above expression 
reduces to: 

M-l 



where: 



sin (2wXj8j+i) - sin (2irXiSj) 



and 



20 



- Sj)sin (2irXjS j+1 ) 

2-KXi 



cos(27TiTtS J+ i) - cos(27ra;iS 3 ) 



(27raTi) 2 



setting a variance of the residuals between the model interferogram and the data 
interferogram according to the equation: 

n 



1 

x 2 = -5^[^m(*i) -/d(**)] s 



and 
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5 obtaining a model interferogram best matched to the data interferogram according 

to the equations: 



and 

10 



\dJ m (Sj)/ \$2-Sl/ 



and 

\OJ m {8j)/ \SM ~ $M-1 ) 

15 and: 
where: 

A iJ = _S J+1 COS(Z|ty+i) + % COS(ZiSj) + 

and 



20 



„ f \ /e\ sSm(zi8j+i) sin( ZiSj) 
B iJ = cx>8{ZiSj+i)+{ 2 *j+i-*i) — — ■ *j — 

Zi Zi 



2- 2- 



where z/=27t(;t r e). 
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33. A method as in claim 28, wherein the source light is an astronomical emission. 

34. A method as in claim 28, wherein the source light is emitted from a material 
upon induction of the material into an excited state. 

35. A method as in claim 28, wherein the material is an unknown compound 
subjected to testing to determine the presence of possible biologically or chemically 
hazardous properties. 



34 



